European Hedgehogs as Hosts for Borrelia spp., Germany by Skuballa, Jasmin et al.
LETTERS
952  Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 13, No. 6, June 2007
References
  1.   Masoodi M, Hosseini K. The respiratory 
and allergic manifestations of human my-
iasis caused by larvae of the sheep bot ﬂ  y 
(Oestrus ovis): a report of 33 pharyngeal 
cases from southern Iran. Ann Trop Med 
Parasitol. 2003;97:75–81.
  2.   Fathy FM, El-Barghathi A, El-Ahwal A, 
El-Bagar S. Study on human ophthalmo-
myiasis externa caused by Oestrus ovis 
larva, in Sirte-Libya: parasite features, 
clinical presentation and management. J 
Egypt Soc Parasitol. 2006;36:265–82.
  3.   Beristain X, Alkorta M, Egana L, Lacasta 
A, Cilla G. Nasopharyngeal myasis by 
third stage larvae of Oestrus ovis. Enferm 
Infecc Microbiol Clin. 2001;19:86–7.
  4.   Lucientes J, Ferrer-Dufol M, Andres MJ, 
Peribanez MA, Gracia-Salinas MJ, Cas-
tillo JA. Canine myiasis by sheep bot 
ﬂ  y (Diptera: Oestridae). J Med Entomol. 
1997;34:242–3.
    5.   Sanchez-Andrade R, Romero JL, Sua-
rez JL, Pedreira J, Diaz P, Arias M, et al. 
Comparison of Oestrus ovis metabolic and 
somatic antigens for the immunodiagnosis 
of the zoonotic myasis oestrosis by im-
munoenzymatic probes. Immunol Invest. 
2005;34:91–9.
  6.   Suarez JL, Scala A, Romero JA, Paz-Silva 
A, Pedreira J, Arias M, et al. Analysis of 
the humoral immune response to Oestrus 
ovis in ovine. Vet Parasitol. 2005;134: 
153–8.
  7.   Scala A, Paz-Silva A, Suarez JL, Lopez C, 
Diaz P, Diez-Banos P, et al. Chronobiol-
ogy of Oestrus ovis (Diptera: Oestridae) 
in Sardinia, Italy: guidelines to chemopro-
phylaxis. J Med Entomol. 2002;39:652–7.
  8.   Dorchies  P.  Comparative  physiopathol-
ogy of Oestrus ovis (Linne 1761) myiasis 
in man and animals. Bull Acad Natl Med. 
1997;181:673–84.
  9.   Yacob HT, Jacquiet P, Prevot F, Bergeaud 
JP, Bleuart C, Dorchies P, et al. Examina-
tion of the migration of ﬁ  rst instar larvae 
of the parasite Oestrus ovis (Linne 1761) 
[Diptera: Oestridae] in the upper respira-
tory tract of artiﬁ   cially infected lambs 
and daily measurements of the kinetics of 
blood eosinophilia and mucosal inﬂ  amma-
tory response associated with repeated in-
fection. Vet Parasitol. 2004;126:339–47.
10.   Macdonald PJ, Chan C, Dickson J, Jean-
Louis F, Heath A. Ophthalmomyiasis and 
nasal myiasis in New Zealand: a case se-
ries. N Z Med J. 1999;112:445–7.
Address for correspondence: José Luis Pérez-
Arellano, Departamento de Ciencias Médicas 
y Quirúrgicas, Centro de Ciencias de la Salud. 
Universidad de las Palmas de Gran Canaria, 




Hosts for Borrelia 
spp., Germany 
To the Editor: The European 
hedgehog,  Erinaceus europaeus, is 
known to host a variety of tickborne 
pathogens, including the virus that 
causes tickborne encephalitis (1) and 
at least 3 species of the Borrelia burg-
dorferi sensu lato group: B. burgdorferi 
sensu stricto, B. afzelii, and B. garinii 
(2). Members of the B. burgdorferi s. 
l. group are the most common vector-
borne pathogens of humans in central 
Europe (3). The role of hedgehogs as 
hosts for these pathogens is, therefore, 
of considerable epidemiologic inter-
est. Hedgehogs are a common syn-
anthropic species that live in urban, 
suburban, and rural environments (4) 
and are known to carry not only the 
hedgehog tick, Ixodes hexagonus, but 
also the most common European tick, 
I. ricinus (2,5). Both of these ticks are 
known vectors of B. burgdorferi s. l. 
and tickborne encephalitis virus; I. 
ricinus is the most important vector of 
both throughout Europe (1,5). To date, 
however, only limited information 
has been available on the role of the 
hedgehog as a host or reservoir for B. 
burgdorferi s. l. in Germany.
We report the presence of 3 spe-
cies of the B. burgdorferi s. l. group in 
European hedgehogs from Germany. 
To our knowledge, this is the ﬁ  rst re-
port of these species in hedgehogs in 
this country and the ﬁ  rst report of B. 
spielmanii (A14S) (6) from this host.
The investigated hedgehogs came 
from 2 sources: 9 from the ≈40 in an 
experimental plot in the city of Karl-
sruhe, state of Baden-Wuerttemberg, 
and the remainder from wild hedge-
hogs that had been brought to hedge-
hog care centers from various areas 
of Germany. All hedgehogs had died 
naturally, and tissue samples were 
taken from 43 animals (kidneys from 
43, heart from 22, bladder from 33). 
The bodies had been frozen at –17°C 
before the samples were taken.
DNA isolation was done by using 
the Maxwell 16 Instrument and Sys-
tem (Promega, Madison, WI, USA). 
Tissue samples were 3×3×3 mm. To 
detect B. burgdorferi s. l., we used 2 
PCR protocols. The ﬁ  rst was a nested 
PCR done according to the method of 
Rijpkema et al. (7). The target for the 
PCR was the spacer region between 5S 
and 23S rRNA genes of B. burgdor-
feri s. l. The nested primers generated 
a product of 226 bp. The ampliﬁ  ed 
products were analyzed by agarose gel 
electrophoresis. The second protocol, 
a LightCycler-PCR hybridization as-
say (Roche Diagnostics, Mannheim, 
Germany) (8), simultaneously detects 
and genotypes the 3 genomic groups 
of B. burgdorferi s. l. This assay was 
speciﬁ  c for B. burgdorferi senso stric-
to, B. garinii, and B. afzelii (8) but also 
ampliﬁ  ed B. spielmanii and B. valai-
siana. The target for the PCR was the 
OspA gene.
The PCR products of both sys-
tems were sequenced. For DNA 
sequencing reaction, the ﬂ  uores-
cence-labeled didesoxynucleotide 
technology (Applied Biosystems, 
Darmstadt, Germany) was used. The 
sequenced fragments were separated, 
and the data were collected with an 
ABI PRISM  310 Genetic Analyzer 
(Applied Biosystems). The obtained 
sequences were then analyzed and 
compared by using BLAST (www.
ncbi.nlm.nih.gov/BLAST).
For 6 hedgehogs, Borrelia spp. 
could be clearly deﬁ  ned by using both 
gene sequences. Two additional ani-
mals had positive results, but sequenc-
ing was not possible because of either 
too little DNA or a mixed infection. 
B. spielmanii DNA was detected in 
the kidneys of 2 hedgehogs: 1 from 
Karlsruhe and 1 from 30 km west of 
this city in the German federal state of 
Rhineland-Palatinate. When sequenc-
es were compared by using BLAST, 
4 BLAST sequences (AM055823, 
AM055822, DQ133518, AY 995900) LETTERS
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showed 100% similarity with B. spiel-
manii. B. garinii was detected in the 
heart of 2 animals (from Berlin and 
Karlsruhe);  B. afzelii in 3 animals 
(in the kidney of 2 from Hamburg 
and Karlsruhe and in the bladder of 1 
from Rhineland-Palatinate). A single 
animal (from Karlsruhe) had B. afzelii 
in the kidney and bladder and B. ga-
rinii in the heart. Preliminary results 
have also shown that ticks collected 
from hedgehogs from the Karlsruhe 
site were infected with B. afzelii (an 
I. hexagonus nymph and an I. ricinus 
female) and with B. spielmanii (an I. 
ricinus female, a nymph, and a larva) 
(Skuballa et al., unpub. data).
These results show, that hedge-
hogs harbor at least 3 of the 5 rec-
ognized  Borrelia genospecies found 
in Germany, all of which are known 
(B. afzelii, B. garinii) or are strongly 
suspected (B. spielmanii) of being 
pathogens for humans (9,10). To our 
knowledge, ours is the ﬁ  rst report of 
B. spielmanii from hedgehogs, a Bor-
relia sp. that is usually associated 
with rodents, especially with garden 
and hazel dormice (10). That Borrelia 
spp. infections commonly occur in 
European hedgehogs is likely. How-
ever, questions remain about the role 
of these pathogens in regulating the 
populations of European hedgehogs 
and about the status of these common 
synanthropic mammals as a reservoir 
host of B. burgdorferi s. l. in periurban 
and rural environments.
Acknowledgments
We thank Miriam Pfäfﬂ  e,  Heiko 
Fischer, Agnes Giniewski, and the staff at 
the hedgehog rehabilitation centers, espe-
cially Sigrun Goroncy and Elisabeth Swo-
boda, for their help. 
We acknowledge ﬁ  nancial  support 
from the Konrad-Krieger Foundation and 
a foundation of the Landesbank Baden-
Wuerttemberg, Germany.
Jasmin Skuballa,* 
Rainer Oehme,† Kathrin Hartelt,† 
Trevor Petney,* Thomas Bücher,* 
Peter Kimmig,†
and Horst Taraschewski*
*Zoological Institute I, Karlsruhe, Germany; 
and †Baden-Wuerttemberg State Health 
Ofﬁ  ce, Stuttgart, Germany
References
  1.   Labuda M, Randolph SE. Survival strat-
egy of tick-borne encephalitis virus: cellu-
lar basis and environmental determinants. 
Zentralbl Bakteriol. 1999;289:513–24. 
    2.   Gern L, Rouvinez E, Toutoungi LN, 
Godfroid E. Transmission cycles of Bor-
relia burgdorferi sensu lato involving 
Ixodes ricinus and/or I. hexagonus ticks 
and the European hedgehog, Erinaceus 
europaeus, in suburban and urban areas 
in Switzerland. Folia Parasitol (Praha). 
1997;44:309–14.
    3.   Wilske B. Epidemiology and diagnosis 
of Lyme borreliosis. Ann Med.2005;37: 
568–79.
  4.   Reeve N. Hedgehogs. Cambridge (UK): 
Cambridge University Press; 1994.
  5.   Gray JS, Kahl O, Janetzki C, Stein J, Guy 
E. Acquisition of Borrelia burgdorferi by 
Ixodes ricinus ticks fed on the European 
hedgehog,  Erinaceus europaeus. Exp 
Appl Acarol. 1994;18:485–91.
  6.   Wang G, van Dam AP, Dankert J. Phe-
notypic and genetic characterization of a 
novel Borrelia burgdorferi sensu lato iso-
late from a patient with Lyme borreliosis. 
J Clin Microbiol. 1999;37:3025–8.
    7.    Rijpkema SG, Molkenboer MJ, Schouls 
LM, Jongejan F, Schellekens JF. Simul-
taneous detection and genotyping of three 
genomic groups of Borrelia burgdorferi 
sensu lato in Dutch Ixodes ricinus ticks by 
characterization of the ampliﬁ  ed intergenic 
spacer region between 5S and 23S rRNA 
genes. J Clin Microbiol. 1995;33:3091–5.
    8.    Rauter C, Oehme R, Diterich I, Engele 
M, Hartung T. Distribution of clinically 
relevant Borrelia genospecies in ticks as-
sessed by a novel, single-run, real-time 
PCR. J Clin Microbiol. 2002;40:36–43.
  9.   Maetzel D, Maier WA, Kampen H. Bor-
relia burgdorferi infection prevalences in 
questing Ixodes ricinus ticks (Acari: Ixodi-
dae) in urban and suburban Bonn, western 
Germany. Parasitol Res. 2005;95:5–12.
10.   Richter D, Postic D, Sertour N, Livey I, 
Matuschka FR, Baranton G. Delineation 
of  Borrelia burgdorferi sensu lato spe-
cies by multilocus sequence analysis and 
conﬁ  rmation of the delineation of Borrelia 
spielmanii sp. nov. Int J Syst Evol Micro-
biol. 2006;56:873–81.
Address for correspondence: Jasmin Skuballa, 
University of Karlsruhe, Zoological Institute I, 






To the Editor: Tumor necrosis 
factor-α (TNF-α) antagonists are im-
munosuppressants that have shown ef-
ﬁ  cacy in treating inﬂ  ammatory disor-
ders. However, a recent meta-analysis 
of controlled trials has shown evidence 
of increased risk for serious infections 
in patients with rheumatoid arthritis 
treated with TNF-α antagonists (1).
Adalimumab is a human mono-
clonal antibody to TNF-α approved 
by the US Food and Drug Administra-
tion (FDA) for treatment of rheuma-
toid arthritis. The Spanish registry of 
adverse events of biologic therapies in 
rheumatic diseases reported that 1,080 
patients were treated with adalimumab 
from 2003 through 2006 and no cases 
of cryptococcosis were recorded (2). 
No cases of cryptococcosis have been 
detected in 10,050 treated patients in 
the US postmarketing database for 
adalimumab (3). We report invasive 
cryptococcosis in a patient receiving 
adalimumab. This case underscores 
the relationship between TNF antago-
nists and emergence of severe and dif-
ﬁ  cult-to-treat opportunistic infections.
A 69-year-old woman with rheu-
matoid arthritis diagnosed in 2002 
was referred to our hospital for se-
vere acute inﬂ  ammation of the second 
ﬁ  nger of the left hand. She had been 
treated with oral corticosteroids (pred-
nisone, 7.5 mg/day) and several dis-
ease-modifying antirheumatic drugs, 
including chloroquine, methotrexate, 